A new tissue-engineered biodegradable surgical patch for high-pressure systems †.
Ideal alternatives for replacing native arteries, which have biocompatibility such as growth potential, anti-thrombogenesis and durability, have yet to be discovered. We previously demonstrated the utility of tissue-engineered vascular autografts; however, the use of these autografts is limited to low-pressure conditions. The aim of this study was to create the tissue-engineered arterial patch (TEAP) that could be used in high-pressure systems, and to evaluate the maturation in this regenerative tissue. We developed a new biodegradable polymer scaffold, which is composed of a co-polymer of epsilon-caprolactone and lactide acid [P(CL/LA)] and a poly-L-lactide acid (PLLA). To obtain mechanical strength, we modified PLLA that is degraded by hydrolysis for 1-2 years in contrast to polyglycolic acid in our low-pressure study previously. We implanted an oval-shaped patch (30 × 15 mm) of this polymer without cell seeding into the descending aorta of 12 dogs, and followed the animals for 1, 3 and 6 months (n = 4 in each group). The cell proliferation in the patch was evaluated with histological and immunohistochemical methods. Additionally, the expression of vascular endothelial growth factor (VEGF) and smooth muscle myosin heavy chain (smMHC) mRNA in the patches was determined with reverse transcriptase-polymerase chain reaction. Macroscopically, there was no incidence of rupture or aneurysmal formation on the patch. The luminal surface of the TEAP was covered with a single layer of endothelial cells stained with vWF immunohistochemically at 1 month after implantation. αSMA-positive cells that indicated smooth muscle cells and collagen fibres were observed in the patch and they increased over time. The VEGF mRNA expression in the patch at 1 month was significantly higher than that of native arterial tissue (1 month; 0.124 ± 0.017 ng/µl, native; 0.009 ± 0.003 ng/µl, P < 0.05). The smMHC mRNA expression gradually increased, and reached ∼ 60% of that of the native artery at 6 months (6 months: 0.351 ± 0.028 ng/µl, native: 0.540 ± 0.027 ng/µl). We demonstrated the maturation of endothelial and smooth muscle cells in TEAP, suggesting that this biodegradable polymer scaffold could be used as an alternative vascular material even in high-pressure systems.